Routing optimization for multi-type containerships in a hub-and-spoke network  by Ji, Mingjun et al.
w.sciencedirect.com
j o u r n a l o f t r a ffi c and t r an s p o r t a t i o n e n g i n e e r i n g ( e n g l i s h e d i t i o n ) 2 0 1 5 ; 2 ( 5 ) : 3 6 2e3 7 2HOSTED BY Available online at wwScienceDirect
journal homepage: www.elsevier .com/locate/ j t teOriginal Research PaperRouting optimization for multi-type containerships
in a hub-and-spoke networkMingjun Ji*, Lixin Shen, Baishun Shi, Yanyan Xue, Fei Wang
School of Transportation Management, Dalian Maritime University, Dalian 116026, Chinaa r t i c l e i n f o
Article history:
Available online 8 August 2015Keywords:
Shipping
Containership
Routing optimization
Genetic algorithm
Sensitivity analysis* Corresponding author. Tel.: þ86 411 847293
E-mail address: jmj@dlmu.edu.cn (M. Ji).
Peer review under responsibility of Periodic
http://dx.doi.org/10.1016/j.jtte.2015.08.008
2095-7564/© 2015 Periodical Offices of Chang
access article under the CC BY-NC-ND licena b s t r a c t
This paper considers the ship routing optimization problem in a hub-and-spoke network. A
routing optimization model for multi-type containerships with time deadlines is estab-
lished, and the target is to minimize the total cost, which consists of the total travelling
cost, total service cost and total waiting cost. The model is set up through an improved
genetic algorithm. The study data are from the Pearl River Delta region of China, which
include 1 hub port and 29 feeder ports and have a population of 30 million. Result shows
that when the iteration time reaches 190, the total cost comes to 521 thousand yuan near
the optimal value. There are 6 routes, including 3 containerships of 100 TEU, 2 contain-
erships of 150 TEU and 1 containership of 200 TEU. At the same time, in the single-type
containerships case, there are 7 routes, and when the iteration time reaches 120, the total
cost comes to 573 thousand yuan, which is close to the optimal value. Comparing the two
cases, it shows that the model for multi-type containerships with time deadlines is
reasonable, and the algorithm is practicable. In the last, three factors, which may affect the
total cost to carry out sensitivity analysis are chosen. It shows that time deadline,
containership capacity and cargo handling capacity of each port have significant influence
on the total cost. It is also shown that the total cost for multi-type containerships is always
less than that for the single-type containerships.
© 2015 Periodical Offices of Chang'an University. Production and hosting by Elsevier B.V. on
behalf of Owner. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Ocean shipping is a major transportation mode of interna-
tional trade. As an important capital investment for a shipping
company, the daily operating costs of a ship can be thousands
of dollars. Therefore, significant improvements of the eco-
nomic performance of a fleet of ships may be expected from30.
al Offices of Chang'an Un
'an University. Production
se (http://creativecommoproper routing and scheduling (Fagerholt, 2001). The large-
scale trend for containerships leads to the development of
hub-and-spoke network. When considering a maritime hub-
and-spoke network, we usually select the major ports as hub
ports based on their location and the demand of freight
shipping, and consider the other ports as feeder ports. The
services among hub ports are mainly provided by largeiversity.
and hosting by Elsevier B.V. on behalf of Owner. This is an open
ns.org/licenses/by-nc-nd/4.0/).
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feeder ports are often provided by small feeder ships (Hsu
and Hsieh, 2007).
Liner ship fleet is developing quickly due to the huge world
trade. This also leads to the forming and developing of the
spoke line transportation, since the large-scale containerships
cannot reach the small ports. For shipping companies, facing
the competition in global market, they should not ignore the
optimization for feeder ship schedule. Therefore, it is an
important strategic issue to design the containership routes
rationally so as to improve the service efficiency, and to save
the transportation cost.
The pickup and delivery problem is to design a set of routes
for a fleet ofm identical vessels stationed at a central depot to
service the transportation requests of n customers
(Savelsbergh and Sol, 1995). In this paper, we consider such a
pickup and delivery problem, in which the m vessels are
stationed at a hub port and the n customers are feeder ports.
The vessels start from the hub port and deliver some
containers to certain feeder ports, at the same time they
pick up some other containers from the feeder ports, and
then return to the hub port before their time deadline.
The paper is organized as follows. Section 2 gives a brief
review on the investigations of containership routing and
scheduling. A detailed description of problem is given in
Section 3. Section 4 introduces the formulation of the model.
In Section 5, we improve the genetic algorithm to solve the
optimal routes and containership types, which minimizes
the total transportation cost. Section 6 describes an
application case, which is a practical problem faced by a
shipping company doing business in the Pearl River Delta
region of China. In Section 7, we perform sensitivity analysis
to investigate the influences of containership types and time
deadlines on the problem. Conclusions are given in the last
section.2. Literature review
There is abundant literature concerning the problem of vessel
routing and scheduling. Meanwhile, with the development of
containership transportation and feeder transportation, more
and more scholars pay their attention to the containership
routing optimization problem, especially the ship routing
optimization problem in a hub-and-spoke network. Cho and
Perakis (1996) generated a set of candidate routes and
applied the linear programming to select the optimal set of
routes for containerships. Fagerholt (1999) proposed a set-
partitioning model for determining optimal fleet size and
corresponding weekly routes. Their work built the
foundation of this field. Baker and Ayechew (2003)
considered the application of a genetic algorithm to the
vessel routing problem, in which customers of known
demand were supplied from a single depot. Bendall and
Stent (2001) developed a scheduling model for a highly speed
containership service. They gave a new algorithm for solving
the scheduling problem of containership. Chen and Zeng
(2010) proposed a bi-level genetic algorithm based method to
solve the optimization of container shipping network and its
operations under changing cargo demand and freight rates,which was a mixed-integer non-linear programming
problem (MINP) with an objective of maximizing the average
unit ship-slot profit at three stages. The unbalance of global
trade leads to the empty container repositioning problem.
Reinhardt and Pisinger (2012) treated the network design
and fleet assignment problems, and established a mixed
integer linear programming model to minimize the overall
cost. To better reflect the real-life situation, they took into
account the cost of transhipment, route dependent
capacities, and butterfly routes.
When it comes to the ship routing optimization problem in
a hub-and-spoke network,most researchesmainly focused on
liner transportation. Hsieh and Chang (2001) investigated the
routing of ship liners by using a hub-and-spoke network
model. Sambracos et al. (2004) used the VRP formulation for
the operational needs of a ship fleet allowing exploration of
problems of higher dimensions with respect to fleet size,
demands sites and loads and gave a more comprehensive
account with respect to cost and fleet efficiency and
utilization. Hsu and Hsieh (2007) formulated a two-objective
model to determine the optimal liner routing, ship size, and
sailing frequency by minimizing shipping costs and
inventory costs. Their model not only provided a tool to
analyze the trade-off between shipping costs and inventory
costs, but also provided the flexibility on the decision-
making for container carriers. Suban and Twrdy (2008) gave
a detailed analysis of the maritime transportation between
the hub port in the Mediterranean and its feeders in
northern Adriatic. They established a two-level
programming model with pickup and delivery to simulate
the feeder system in the north Adriatic. Takano and Arai
(2009) proposed a genetic algorithm for designing a hub-and-
spoke network for container transport. Their hub-and-spoke
problem was based on a fixed number of hubs, and each
spoke was connected to a single hub. The locations of the
hub ports were part of the decision. They tested a few
different values for the number of hub ports. They used
their method on a case with 16 Asian ports in addition to
Rotterdam and Los Angeles. Gelareh et al. (2010) proposed a
mixed integer programming formulation for hub-and-spoke
network in a competitive environment. They solved the
model by combining an accelerated Lagrangian method with
a heuristic. In order to optimize a liner shipping system and
to meet the requirements of liner service with fixed
schedules, Yang et al. (2011) established a mixed-integer
nonlinear model for fleet planning based on the multi-call
liner route pattern. Andersson et al. (2011) considered a
maritime pickup and delivery problem with time windows
and split. They presented an arc flow formulation of the
problem, and also suggested a solution method. Meng and
Wang (2011) proposed a liner shipping service network
design problem with combined hub-and-spoke and multi-
port-calling operations and empty container repositioning,
then developed a mixed integer liner programming model
for the realistic Asia-Oceania shipping operation problem,
and showed that the proposed model can be efficiently
solved by CPLEX.
Some scholars considered the pickup-and-delivery prob-
lem in spoke network. As we know, scheduling is one of the
main bottlenecks, which restricts the quality and efficiency of
Fig. 1 e Hub-and-spoke network for container transportation.
j o u r n a l o f t r a ffi c and t r an s p o r t a t i o n e n g i n e e r i n g ( e n g l i s h e d i t i o n ) 2 0 1 5 ; 2 ( 5 ) : 3 6 2e3 7 2364feeder line container ships transportation. Jin et al. (2008)
constructed a containership scheduling model for a
maritime transportation system including hub port and
feeder ports. According to the characteristics of the problem,
a particle swarm optimization algorithm was designed to
find the optimal solution of the model. Karlaftis et al. (2009)
devoted to determine the optimal routes for a containership
fleet performing pick-ups and deliveries between a hub and
several feeder ports. This paper neglected some practical
factors like multiple types of the containership. Pang et al.Fig. 2 e Constructive proced(2011) considered a ship routing problem in which vessels
had to perform pickup and delivery of cargoes at various
locations, and developed a heuristic algorithm for the
problem using set partitioning formulation and column
generation techniques.
To our knowledge, there is not enough attention to the
liner design of containership connectingwith the requirement
of hub ports in spoke network. Moreover, we notice that the
type of containership is an important factor that influences
the spoke liner transportation cost, but most literature aboveure of feasible solution.
Fig. 3 e Encoding process.
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spoke network by using a single type containerships. In
addition, some of these literature designed the optimal liner
shipping service network on the premise of predetermining
the set of candidate shipping lines. In this paper, we consider
the spoke liner problem, and propose a routing optimization
model for multi-type containerships with different time
deadlines, then solve the model through an improved genetic
algorithm. And we carry out sensitivity analysis to testify the
effects of the type of containership, time deadline and cargo
handling capacity of each port on the model. Our solution to
the problem can better satisfy the requirements of hub-and-Fig. 4 e Crossovfeeder ports, and save transportation costs for shipping
companies.3. Problem description
Fig. 1 shows a hub-and-spoke network in a maritime
transportation system. As mentioned earlier, we select the
major ports as hub ports based on their location and the
demand of freight shipping, and consider the other ports as
feeder ports. The services among hub ports are mainly
provided by large containerships, while the services betweener process.
Fig. 5 e Mutation process.
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ships.
The problem considered here is containership trans-
portation between a hub port and several feeder ports. The
containers that need to be delivered to different ports are
firstly charged in the hub port, and then be delivered to the
destination port by small containerships. At the same time,
some other containers in the feeder ports will be picked up
and transported to the hub port by these ships.
Containers are transported by liner containerships after
they are picked up from the feeder ports. Container liner
shipping follows particular routes during certain periods,
which contain fixed intervals and named ports. Therefore, in
order not to miss the liner containership, the containers have
to be picked up from the feeder ports and transported to the
hub before time deadlines. In a real maritime transportation
system, there are often different types of containerships
serving between a hub and its feeder ports. The type of
containership is classified by the capacity of containership.Table 1 e Data of different ports.
Number Port name Unload container number (TEU) Load
1 Nansha 0
2 Yantian 28
3 Huizhou 21
4 Xinfeng 19
5 Old Huangpu 15
6 New Huangpu 17
7 Zengcheng 13
8 Taiping 20
9 Sanshan 15
10 Sanshui 15
11 Beijiao 20
12 Rongqi 17
13 Jiangmen 25
14 Zhongshan 24
15 Sanrong 20
16 Nanwei 26
17 Zhuhai 30
18 Gaolan 18
19 Doumen 21
20 Yangjiang 27
21 Shuidong 20
22 Haikou 35
23 Zhanjiang 22
24 Yangpu 15
25 Beihai 24
26 Fangcheng 25
27 Macau 22
28 Shekou 20
29 Xinhui 18
30 Haifang 19We assume that there are multiple types of containerships
serving between the hub port and its feeder ports.
In reality of the hub and spoke network, when the number
of feeder ports is smaller, general experience can plan a
feasible transportation scheme. However, most of the time,
the number of feeder port is a dozen or even dozens, then
designing a reasonable transportation plan by people's expe-
rience is basically impossible. At the same time, due to the
characteristics of the ship itself, capacity limiting, high
transportation cost and other costs, it will bring a great loss to
the enterprise when the transport scheme is unreasonable.
Moreover, due to the transport characteristics of large liner
containerships in the hub port, the requirement of fixed
schedule, goods must be transported to the hub port in spe-
cific time, as a result, the demand of designing a reasonable
routing plan is more emergent. Therefore, based on the above
situation, this paper designed a reasonable routing scheme on
the premise of meeting other limiting conditions to minimize
the cost to achieve maximum profits.container number (TEU) Work time (h) Time deadline (h)
0 0.0 0
31 1.4 80
27 1.2 80
11 0.6 120
17 0.8 120
12 0.8 120
14 0.5 120
18 0.9 100
25 1.1 110
18 0.8 140
23 0.8 100
14 0.6 100
27 1.2 100
29 1.2 100
19 0.9 140
27 1.4 90
25 1.3 80
29 1.4 100
18 0.9 110
23 0.9 200
30 1.1 200
28 1.4 200
28 1.3 200
24 0.8 200
26 1.2 200
30 1.4 220
20 0.9 80
22 0.9 80
11 0.6 110
21 0.8 220
Table 2 e UTC for different types of containerships.
Type
(TEU)
50 75 100 125 150 175 200 225 250
UTC
(thousand
yuan/h)
0.80 0.90 1.00 1.10 1.20 1.35 1.50 1.65 1.80
Fig. 6 e Iteration result of single-type containerships.
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4.1. Model assumption
In this paper, the following assumptions are made based on
the conditions and characteristics of the containership
transportation.
1. The type of containership is classified by the capacity of the
containership.
2. A containership starts from the hub port and ends at the
hub port after visiting a few feeder ports. The trans-
portation of goods between the feeder ports is ignored.
Because the goods this paper refers to specificallymean the
goods flow in the hub-and-spoke network, that is trans-
ported from the hub port to the feeder port or from the
feeder port to the hub port, thus these goodsmustmeet the
corresponding constraints. As for the goods between the
feeder ports most of these are domestic cargoes, and they
are not in the transportation network or restricted by the
corresponding constraints. Therefore, it can be ignored for
these goods in this paper.
3. Assuming the speed, capacity and service cost of each
containership are known. Moreover, the number of con-
tainers that needed to be transported is known in advance.4.2. Notation
The constants in themodel are showed as follows. U is the set
of ports, including a hub port and some feeder ports, k is the
ship number, i.e. ship k is one of all the ships, i, j are port
numbers, i.e. port i or port j is one of the ports in U (i or j¼ 1 for
the hub port), pi is the unloading container number of port i, qi
is the loading container number of port i, Lk is the capacity of
ship k, Nti is the time deadline of containers in feeder port i, ski
is the service time of ship k in port i, wki is the waiting time of
ship k in port i, tki is the time of ship k arriving port i, tkij is the
travelling time of ship k from port i to port j, ckij is the unit
travelling cost of ship k travelling from port i to port j (unit:Table 3 e Shipping routes of single-type containerships.
Route
1 NanshaeYantia
2 NanshaeZengc
3 NanshaeDoum
4 NanshaeZhanj
5 NanshaeSheko
6 NanshaeHaiko
7 NanshaeRongqthousand yuan/h), scki is the unit service cost of ship k in port i
(unit: thousand yuan/h), wcki is the unit waiting cost of ship k
in port i (unit: thousand yuan/h).
The decision variables are as follows, n is the total number
of ships, supposing the types of containership are known, nk is
the number of ports visited by ship k.
xkij ¼

1 if ship k travels from port i to port j
0 else
Following our assumptions and taking into account the
upper mentioned factors, we write the objective function in
the following form.
minZ ¼
Xv
k¼1
X
i2U
X
j2U
ckijxkijtkij þ
Xv
k¼1
X
i2U=f1g
sckiski þ
Xv
k¼1
X
i2U=f1g
wckiwki
The objective function is to minimize the total cost of all
containerships, which consists of total travelling cost, total
service cost and total waiting cost. Constraints are listed as
follows
Xv
k¼1
xkij  1 i2U; j2U (1)
Xv
k¼1
X
i2U
xki1 ¼ n (2)
Xv
k¼1
X
i2U
xk1j ¼ n (3)
Xv
k¼1
X
i2U
xkij ¼ 1 j2U=f1g (4)Calling port
neHuizhoueNansha
hengeSanshaneBeijiaoeZhongshaneJiangmeneXinhuieNansha
eneGaolaneMacaueZhuhaieNansha
iangeBeihaieFangchengeHaifangeYangpueNansha
ueNansha
ueShuidongeYangjiangeSanshuieSanrongeNansha
ieNanweieTaipingeXinfengeOld HuangpueNew HuangpueNansha
Table 4 e Shipping routes of multi-type containerships.
Route Calling port Type (TEU)
1 NanshaeNanweieSanshaneXinfengeOld HuangpueZengchengeTaipingeNansha 150
2 NanshaeSanshueSanrongeGaolaneDoumeneNansha 100
3 NanshaeHaikoueYangpueHaifangeFangchengeBeihaieZhanjiangeShuidongeNansha 200
4 NanshaeYangjiangeMacaueZhuhaieShekoueNansha 100
5 NanshaeZhongshaneJiangmeneXinhuieRongqieBeijiaoeNew HuangpueNansha 150
6 NanshaeYantianeHuizhoueNansha 100
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k¼1
X
j2U
xkij ¼ 1 i2U=f1g (5)
X
i2U
xkil 
X
i2U
xkli ¼ 0 l2U; k ¼ 1;/; v (6)
X
i2U
X
j2U=f1g
xkijpj  Lk k ¼ 1;/; n (7)
Xnk
j¼2
pj 
Xj
l¼2
pl þ
Xj
l¼2
ql  Lk j ¼ 2;/;nk; k ¼ 1;/; n (8)
xkij

tki þ ski þwki þ tkij  tkj
 ¼ 0 i; j2U; k ¼ 1;/; n (9)
Xnk
i¼1
Xnk
j¼2
tkijxkij þ
Xnk
j¼2
ski þ
Xnk
j¼2
wki min

Ntj

k ¼ 1;/; n (10)
Constraint (1) guarantees that 1 ship at most travels be-
tween 2 ports, Constraints (2) and (3) indicate that if a ship is
executing 1 transportation task, it must start from the hub
port and end at hub port, Constraints (4) and (5) ensure every
feeder port is visited by 1 ship, Constraint (6) means that if a
ship visits a feeder port, it must leave from the feeder port,
Constraint (7) guarantees that when a ship starts from the hub
port, the number of loading container does not exceed the
ship capacity, Constraint (8) indicates that when a ship visits a
feeder port, its loading does not exceed the maximum ca-
pacity of the ship, Constraint (9) ensures successive shipping
between ports, Constraint (10) ensures time deadline, i.e.
every route's total travelling time must not exceed the time
limitation of ports' containers.
The model above is similar to the VRP model, but there are
lots of differences between the 2 kinds of models. First, the
majority of VRP model only study the delivery process, andFig. 7 e Iteration result of multi-type containerships.does not involve the pickup problems on the return trip, but
this research for delivery-and-pickup problems simulta-
neously, adds a time limit for sending goods to the hub port.
Second, only 1 type of vehicle is used in the VRP model, but
this paper considers multi-type containerships.5. Model solution
5.1. Genetic algorithm operating process
Genetic algorithm is described as random search techniques
based on the process of natural evolution. Genetic algorithm
starts with a set of possible solutions called a population.
According to a specific structure, every possible solution is
encoded in a string (or chromosome) representing it. String
evolves through a series of iterations called generations.
Through selection of parents, crossover and mutation, the
population has been evaluated by an internal process. Ac-
cording to the fitness measure, strings are selected by a series
of processes until a termination sequence (such as conver-
gence) is reached. Genetic algorithm consists of 4 basic ele-
ments, schema structure, crossover, selection and mutation.
In this paper, we modify the genetic algorithm to solve our
model.5.2. Construction of the solution
We suppose that there are 8 ports in the spoke network. No. 1
represents the hub port, No. 2eNo. 8 represent the feeder
ports. Then we use the string (1 2 3 4 5 6 7 8) to represent a
range of these ports. This string is regarded as the solution of
the genetic operation. We can find the routes that meet with
the constraints for every given ports order. In this paper, we
get the routes by arranging the ports order. For the case above,
the vessel starts from the port 1, then it visits the port 2. Next
we put port 3 in the route and consider if all the constraints
can be satisfied. If not, we get the route 1-2-1 and the next
route starts from port 3. If yes, we add port 4 in this route and
test if all the constraints are satisfied. If not, we get the route 1-
2-3-1 and next route starts from port 4. If yes, continue the
judgement until all the feeder ports have been used to get all
the routes. The constructive procedure of solution is shown in
Fig. 2. The solution obtained through the procedure is feasible.5.3. Crossover operator
Encoding and decoding are key steps of the genetic algorithm.
The most 2 common methods for encoding and decoding are
Fig. 8 e Shipping routes for multi-type containerships in Pearl River Delta Region.
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However, these methods are not suitable for the container-
ship routing. The reason is that it is difficult to encode and
decode the feeder ports through binary coding, and the simple
integer coding often gives meaningless solution during
crossover operation. For example, considering the following 2
father generation individuals (1 2 3 4 5 6 7 8) and (1 3 5 8 2 7 6 4).
If we choose the position 4 as the crossover point, we will
obtain the corresponding offspring individuals (1 2 3 4 2 7 6 4)
and (1 3 5 8 5 6 7 8). Since there are repeated ports in the
sequence, we get a meaningless ports order. To improve the
efficiency of crossover operator, we design the touring route
coding method, which is easy to operate and to ensure the
actual meaning of every offspring.
For given ports order Z¼(S1, S2,/, Sn), assuming its touring
route coding is G¼(g1, g2,/, gn), then according to the touringTable 5 e Total cost for different time deadlines and
capacities of containerships (unit: thousand yuan).
Vessel capacity Time deadline
T1 T2 T3 T4
50 790.22 768.62 771.42 764.22
75 666.62 645.92 632.42 625.22
100 600.22 594.22 588.22 581.22
125 563.42 564.52 550.22 550.22
150 579.02 573.02 549.02 545.42
175 633.77 619.57 618.92 614.87
200 647.72 637.22 637.22 629.02
225 669.02 657.47 655.82 621.17
250 736.82 706.22 699.02 681.02route coding method, gi is determined such that gi equals to
the position number of Si in the arrange sequence Pi ¼ {1, 2,/,
n}/{S1,/, Si-1}
For example, supposingly there are 8 ports, namely, the
arrange order P0 is (1, 2, 3, 4, 5, 6, 7, 8). Assuming the ports
order is Z ¼ (1, 5, 8, 6, 4, 2, 7, 3), which means the first calling
port is the hub port. The hub port's position in P0 is 1. Then
removing the hub port, we get a new sequence P1¼ (2, 3, 4, 5, 6,
7, 8). The second calling port is port 5 and its position in P1 is 4,
then removing 5 from P1 we get a new sequence P2 ¼ (2, 3, 4, 6,
7, 8). The third calling port is port 8 and its position in P2 is 6,
then removing 8 from P2 we get a new sequence P3 ¼ (2, 3, 4, 6,
7). So on, we get the touring route codingG¼(1, 4, 6, 4, 3, 1, 2, 1).
The procedure of obtaining G is shown in Fig. 3. Then we can
get the offspring by crossover operator as shown in Fig. 4.5.4. Mutation operator and selection operator
The mutation operator changes the positions of two ports in
the port order (S1, S2, …, Sn) based on small mutation proba-
bility. The procedure is shown in Fig. 5.
In this paper, we get the selection operator of next gener-
ation through the roulette method in reference (Ji et al., 2004).
The characteristics of the algorithm are as follows, it
determines both shipping route and the type of
containership at the same time; it is different to the
common method, which divides the problem into two-stage
process; it determines firstly the visited ports, and then the
shipping route. The encoding process avoids meaningless
solutions and facilitates the process of crossover.
Table 6 e Test result for two-factor analysis of variance.
Different sources Quadratic sum Degree of freedom Mean square F-statistics Significant F F Critical value
Deadline 152,105.00 8 19,013.12 310.09 2.65  1022 2.36
Capacity 4440.98 3 1480.33 24.14 2.00  107 3.01
Error 1471.53 24 61.31
Total 158,017.50 35
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To testify the model and algorithm, we consider a practical
case, which comes from a shipping company in the Pearl River
Delta region of China. We select Nansha as the hub port and
name the others as feeder ports. Tables 1 and 2 show the data.
Let us consider the following two cases.
Case 1: there is only one type containership, which is 150
TEU.
Case 2: there are five types of containership, which are 100,
125, 150, 175 and 200 TEU.
For practical cases, we choose the parameters of the algo-
rithm in the following ways. The number of population is 30.
Uniformly randomly choose 2 father generation individuals to
crossover. The mutation probability is 0.01. The termination
rule of algorithm is that the iteration time reaches 200.
Table 2 shows that the larger capacity of containership, the
higher unit travelling cost (UTC). Table 3 shows the shipping
routes for single-type containerships. As we can see, there
are 7 routes. Fig. 6 shows the convergence of algorithmFig. 9 e Route numbers for different types of
containerships.
Fig. 10 e Total cost for different types of containerships.within 200 iteration times. The hard line represents the
optimal iteration result of the algorithm and the dotted line
represents the average iteration result of ten times. With the
increasing of genetic iteration times, the total cost converges
gradually. When the iteration time reaches 120, the total
cost comes to 573.02 thousand yuan, which is close to the
optimal value we would get finally.
Table 4 shows the shipping routes for multi-type
containerships. There are 6 routes, including 3
containerships of 100 TEU, 2 containerships of 150 TEU and
1 container ship of 200 TEU. Fig. 7 shows the convergence of
multi-type containerships. The hard line represents the
optimal iteration result and the dotted line represents the
average iteration result of 10 times. With the increasing of
genetic iteration times, the total cost converges gradually.
When the iteration time reaches 190, the total cost comes to
521.42 thousand yuan near the optimal value.
Comparing the two cases, we can see that the container-
ship type has significant effect on the total cost. Appropriate
selection of the containership types helps decrease the
number of routes and reduce the total transportation cost.
Fig. 8 shows the shipping routes for multi-type containerships
in Pearl River Delta Region of China.7. Sensitivity analysis
In this section, we carry out sensitivity analysis to examine
the effects of the type of containership, time deadline and
cargo handling capacity of each port on the model.
7.1. Two-factor analysis of variance
We choose the two-factor analysis of variance to investigate
our model. One factor is the capacity of ship, which is 50, 75,
100, 125, 150, 175, 200, 225 and 250 TEU, respectively. Another
is the time deadline, which contains 4 cases, 0.8, 1.0, 1.2 and
1.5 times of the deadline showed in Table 1, respectively.
Solving the model through the algorithm for every ship
type and time deadline, we obtain 36 optimal values, which
are shown in Table 5.Table 7 e Number of routes for different time deadlines.
Time deadline Different capacities of vessel (TEU)
100 125 150 175 200 Multi-type
containership
T1 9 8 7 8 7 7
T2 8 7 7 6 5 6
T3 8 7 5 6 5 5
T4 8 6 5 5 5 5
Table 8 e Total cost for different time deadlines (unit:
thousand yuan).
Time
deadline
Different capacities of vessel (TEU)
100 125 150 175 200 Multi-type
containership
T1 600.22 563.42 579.02 634.77 647.72 545.62
T2 594.22 564.42 573.02 619.57 637.22 521.42
T3 588.22 550.22 549.02 618.92 637.22 523.02
T4 581.22 550.22 545.42 614.87 629.02 516.22
Table 10 e Number of routes for cargo handling capacity
of each port.
Cargo
handling
capacity
Different capacities of vessel (TEU)
100 125 150 175 200 Multi-type
containership
C1 9 7 6 6 5 5
C2 9 8 7 6 6 6
C3 10 9 8 6 5 7
C4 12 9 8 7 6 7
j o u rn a l o f t r a ffi c a nd t r an s p o r t a t i o n e n g i n e e r i n g ( e n g l i s h e d i t i o n ) 2 0 1 5 ; 2 ( 5 ) : 3 6 2e3 7 2 371The data in Table 5 are analyzed through two-factor
analysis of variance, and the results are shown in Table 6.
When the level of significance a is 0.05, the significant
F¼2.651022 for time deadline is obviously smaller than a.
This implies that the time deadline has significant effect on
the total cost. At the same time, the significant F¼2.00107
for containership type is also obviously smaller than a,
which means the type of containership has significant effect
on the total cost.7.2. Sensitivity analysis of the type of containership
We consider the effect of containership type on the total
transportation costs and the number of the shipping routes
with fixed time deadline. The containership types include 50,
75, 100, 125, 150, 175, 200, 225 and 250 TEU. We calculate the
optimal values for different types of containerships. Figs. 9
and 10 show the number of routes and the total costs.
Fig. 9 shows that the number of route decreases while the
capacity increases. When the capacity is 50 TEU, there are 16
routes. When the capacity is 200 TEU, the number of route is
5. Henceforward, the number of route is unchanged.
Fig. 10 shows that the total cost is the largest when the
capacity is 50 TEU, then it decreases to the bottom when the
capacity comes up to 125 TEU. Hence, the total cost
increases with the capacity increases. Figs. 9 and 10 show
that not the larger capacity of containerships using, the
lower total cost even the numbers of routing are decreasing.
Because the larger capacity of containership, the higher unit
travelling cost, as a result, we are not always using large
capacity containerships to transport goods when
considering the total cost.7.3. Sensitivity analysis of time deadline
In order to analyze the effect of time deadline on the number
of routes and the total cost, we solved the model for differentTable 9 e Total cost for cargo handling capacity of each
port (unit: thousand yuan).
Cargo
handling
capacity
Different capacities of vessel (TEU)
100 125 150 175 200 Multi-type
containership
C1 518.98 486.85 473.04 484.44 539.57 419.62
C2 526.37 518.24 511.09 508.57 517.46 486.21
C3 605.80 527.34 519.93 509.13 534.86 508.31
C4 677.26 557.23 554.92 566.48 524.45 521.29time deadlines and types of containerships by the algorithm.
The time deadlines are T1, T2, T3 and T4, which are 0.8, 1.0, 1.2
and 1.5 times of the deadline, respectively. The types of
containership are 100, 125, 150, 175, 200 TEU. The results are
shown in Tables 7 and 8.
Table 7 shows that the number of routes decreases for
every type of containership with the time deadline's growth.
In addition, the number of routes is relatively less for multi-
type containerships.
Table 8 shows that the total cost decreases for every type of
containership with the time deadline's growth. The total cost
of multiple-type containerships is obviously lower than that
of single-type containerships.7.4. Sensitivity analysis of cargo handling capacity of
each port
In the end, we analyze the effect of cargo handling capacity of
each port on the total cost. The number of routes are 0.8, 1.0,
1.2 and 1.5 times of the original cargo handling capacity of
each port, respectively, expressed by C1, C2, C3 and C4.
Table 9 shows that the total cost increases for every type
of containership with cargo handling capacity of each
port growth. However, at each level for cargo handling
capacity of each port, the total cost of multiple-type
containerships is also obviously lower than that of single-
type containerships.
Table 10 shows that the number of routes increases for
every type of containership with the cargo handling capacity
of each port growing. Moreover, the number of routes for
multi-type containerships is less than that of single-type
containerships.8. Conclusions
The spoke line transportation attracts more and more atten-
tion. In this paper, we investigate the routing optimization
problem of containerships in the spoke network. We put for-
ward the model and algorithm for the routes of multi-type
containerships in a spoke network. The model and algorithm
are verified by solving a practical case. Sensitivity analysis
shows that time deadline, ship capacity and cargo handling
capacity of each port have significant influences on the total
cost and on the number of routes. The model and algorithm
are useful for fleet to adjust the routing strategy and find the
optimal route of containership.
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